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(57) Abstract 



An absorbent article comprising a liquid-permeable casing sheet 
(1), a liquid-impermeable casing sheet (2) and an absorbent body (3) 
enclosed between the two casing sheets. The absorbent body (3) 
includes a liquid acquisition space (24) which consists of at least one 
cavity or one region of lower density than the density of an acquisition 
layer (19) located in said absorbent body (3) adjacent the space (24) 
and essentially in the same plane thereas. The acquisition layer (19) ■ . 

includes a material which when wetted increases in size in the thickness direction of the article (the z-direction). The article ts mainly 
characterized in that the material in the acquisition layer (19) exhibits relatively low expansion in the plane of the article (the xy-direcaon) 
when wetted, such that the volume of the uquid-acquisition space (24) will increase by at least 100 %, preferably by at least 200 %, more 
preferably by at least 400 % and most preferably by 900 % when wetted. 



20 n 22 K 23 ^24 <2 3 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albtnii 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


n 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


PR 


Prance 


LU 


Luxembourg 


SN 


Senegal 
Swaziland 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


St 


AZ 


Azerbaijan 


G5 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of MoWova 


TC 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tapkitfan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BP 


Burkina Paso 


GR 


Greece 




Republic of Macedonia 


TR 


Tuifcey 


BG 




HU 


Hungary 


ML 
MN 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


iceiano 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


ftaly 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


in 

Miser 

Netherlands 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


vu 


Yugoslavia 
Zimbabwe 


CH 


Switzerland 


KG 


Kyrgyzftan 


NO 


Norway 


zw 


a 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cubs 


KZ 


Kazakttan 


RO 


Romania 






CI 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DB 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/00081 PCT/SE97/01152 

1 

ABSORBENT BODIES IN ABSORBENT ARTICLES HAVING IMPROVED 
LIQUID ACQUISITION PROPERTIES 

The present invention relates to an absorbent article that includes a liquid-permeable 
5 outer casing sheet mounted on a first surface of the article, a liquid-impermeable 
outer casing sheet mounted on a second surface of the article, and an absorbent 
body enclosed between said two casing sheets, wherein the absorbent body includes 
a liquid-reception or liquid acquisition space consisting of at least one cavity or at 
least one region of lower density than an acquisition layer of the absorbent body 
10 that adjoins said space essentially in the same plane thereas, and wherein the liquid- 
acquisition layer includes a material which when wetted increases in size in a 
direction (z-direction) generally perpendicular to the first surface of the article. 

One problem with hitherto known absorbent articles, such as diapers, pants-type 
15 diapers or trainers, incontinence guards, sanitary napkins and like articles, that are 
intended to repeatedly receive and absorb body fluid excreted by a user is that the 
rate at which liquid is able to penetrate into the article is greatly reduced at each 
renewed wetting occasion. This problem is particularly apparent in diapers and 
incontinence guards for children and adults, since the article must be capable of 
20 receiving and absorbing a relatively large volume of liquid excreted in the course of 
only a few seconds. It is therewith not unusual, particularly after a first wetting of 
the article, that liquid which is not immediately absorbed into the article will instead 
flow across the surface of said article and run past the edges thereof Such body 
fluid leakages are, of course, highly undesirable because, among other tilings, they 
25 soil and stain clothes, bed linen and mattresses, sometimes destructively. 

The reason why the body fluid acquisition rate decreases with repeated wettings of 
the article is because the absorbent body of the article becomes temporarily 
saturated with body fluid within a limited area around the point at which the surface 
30 of the article is first met by the body fluid, the so-called primary wetting point. As a 
rule, the absorbent articles include one or more layers of hydrophilic fibres, for 
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instance cellulose fluff pulp, and often also a powerful absorbent hydrocolloidal 
material, so-called superabsorbents. Liquid transport in such material is relatively 
slow, since it is primarily dependent on qapiilary forces in those cavities present 
between fibres and particles in the absorbent body of the article. Liquid is 
transported within the hydrocolloidal materials by diffusion, which is a slower 
process than that generated by the capillary forces. Thus, the liquid will remain in 
the primary wetting region of the article for a relatively long period of time, and is 
then transported only gradually to surrounding parts of the absorbent body of said 
article. 

In recent years, the problem has been accentuated by the development towards 
absorbent bodies that have been successively compressed to greater extents with the 
intention of reducing packaging volume and for transportation, storage and 
environmental reasons. 

It is known to guide the transportation of liquid away from the primary wetting 
region to those parts of the absorbent body in which absorbent material that has still 
not been utilized is located, by providing the article with liquid transporting means 
in the form of compressed patterns, e.g. compressed strips, that disperse the liquid 
in the longitudinal direction of the article. An article that includes such compressed 
strips is known from PCT/SE94/00835. Liquid transportation in the article is mainly 
effected as a result of differences in capillary forces between the compressed strips 
and surrounding material. Although a certain positive effect is obtained in this way, 
in the form of a directed flow of liquid in the absorbent body, the rate at which the 
liquid is transported in the article is much too slow in relation to the rate at which 
body liquid is discharged onto the article. There is thus a risk that liquid will not be 
absorbed quickly enough and will instead run along the surface of the article and 
leak over the edges thereof. This risk is particularly applicable to products that are 
intended for urine absorption, such as diapers and incontinence guards, which must 
often deal with large volumes of liquid that are discharged within a relatively short 
time. Furthermore, heavy compression of an article makes the article stiff and 
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imparts thereto parts that are not-readily flexible and that make the article less 
pliable and less liable to mould to the shape of the wearer's body when worn. 

The capacity of an absorbent article to receive and retain large volumes of body 
liquid can also be enhanced by creating different types of liquid-receiving cavities 
or basins in the article. 

US, 3,889,679 describes a diaper that has a plurality of circular holes disposed 
through the absorbent body of the diaper. However, since wetting of a diaper takes 
place within a limited region of the diaper, the primary wetting region, only those 
holes that are located nearest this region can be used to initially receive body liquid. 
These holes quickly fill with liquid, which is gradually drained by the surrounding 
absorbent material away from the holes by the suction effect generated by the 
capillary forces between the fibres in the absorbent material. This is a slow process, 
as before mentioned, and there is a considerable risk that liquid will still be left in 
the holes when liquid is discharged on the next wetting occasion. The absorbent 
material located nearest the primary wetting region of the diaper will gradually 
become saturated with body liquid and then lose essentially all ability to drain liquid 
from the holes. Another problem with this absorbent body is that it consists of a 
material which collapses when wetted and therewith essentially lose its three- 
dimensional structure. Consequently, the cavity space available in the absorbent 
body for acquisition of liquid is practically non-existent after a first wetting. 

U.S. 4,560,372 describes an absorbent body that includes a resilient fibre layer and 
a layer of hydrophilic fibres that have been compressed, slit and then drawn apart to 
form openings. The absorbent body also includes 20-60% superabsorbent material. 
As a result of its high superabsorbent content, the material will swell in both the z- 
direction and in the xy-direction when wetted, i.e. the material will swell into the 
openings at the same time as it swells in the thickness direction of said material, 
wherewith the area of said openings are greatly reduced after wetting 
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Swedish Patent Application No. 9304321-4 describes an absorbent body for 
absorbent articles such as diapers, incontinence guards and sanitary napkins that is 
provided with a liquid-acquisition part in the form of a drainage well that is located 
essentially opposite the contemplated primary wetting region of the absorbent body 
and that extends down into and through a liquid storage part of the absorbent body. 
The drainage well is in liquid communication with a liquid dispersion layer located 
beneath a liquid storage layer and has a greater effective mean pore size than the 
surrounding liquid storage part. 

An absorbent body of this kind will function effectively in respect of receiving a 
first volume of liquid and even subsequent liquid volumes when the time between 
liquid discharges is sufficient to enable the well to empty of liquid between the 
liquid discharge occasions. The absorbent body according to Swedish Patent 
Application No. 9304321-4 is also dependent on capillary forces in draining liquid 
from the well. Consequently, the liquid-acquisition well is emptied gradually as 
liquid is transported from the coarser pores in the well to the finer pores in the 
surrounding absorbent material. There is also the risk that the well will be too small 
to accommodate large volumes of liquid and therewith be overfilled. 

Prior publications WO 87/01914, U.S. 4,333,462, U.S. 4,333,463, U.S. 4.333,464, 
U.S. 4,413,996, EP 0,124,365, GB 2,156,681, U.S. 4,643,727 and EP 5,528,567 
also describe similar products provided with liquid receiving and collecting cavities 
or basins. 

There still remains, however, a significant demand for an absorbent article that can 
subsequent wetting occasions. 

Our earlier invention described in our copending PCT-application WO96/20670 
concerns an absorbent article which includes a li be wetted repeatedly at a high 
liquid acquisition rate, even with respect to the quid-permeable outer sheet disposed 
on a first surface of the article, a liquid-impermeable outer sheet disposed on a 
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second surface of the article, and an absorbent body which is enclosed between the 
two casing sheets and which includes a body liquid receiving space comprising at 
least one cavity or region of lower density than the density of a part of the absorbent 
body located adjacent the receiving space and extending generally in the same plane 
5 thereas, the article being characterized in that the receiving space is disposed in a 
storage layer in the absorbent body; and in that parts of the storage layer adjacent 
the receiving space include a material which, when wetted, increases in volume in a 
direction (z-direction) generally perpendicular to the first surface of the article, 
whereby the size of the receiving space also increases in said direction as a result of 
10 die article being wetted 

However, the sole requirement that material of the storage layer adjacent the 
receiving space shall increase in volume in the z-direction does not always 
guarantee a substantial increase of the volume of the liquid receiving space and 
15 does, therefore, not necessarily, under all circumstances, give essentially improved 
liquid-acquisition properties at repeated wettings. 

It is therefore an object of the present invention to achieve an absorbent article of 
the kind defined in the introduction having substantially improved liquid acquisition 
2 0 properties at repeated wettings. 

There has been produced in accordance with the invention an article of the kind 
defined in the introduction that provides a solution to this problem. The inventive 
article is mainly characterized in that when wetted, the material present in the 
25 acquisition layer exhibits relatively low expansion in a direction (xy-direction) 
essentially parallel with the first surface of the article, such that the volume of the 
liquid-acquisition space will increase by at least 100%, preferably at least 200%, 
even more preferably 400% and most preferably at least 900% when wetted to 
saturation with a 0. 9%-NaCl solution. 



30 
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Expansion of the material in the xy-direction will not preferably be greater than that 
which results in a decrease in the area of the liquid-acquisition space in the xy- 
direction by at most 25%, preferably at most 20% and most preferably at most 10% 
when wetted 

Expansion of the material in the z-direction will preferably be at least 100%, 
preferably at least 200%, even more preferably at least 400% and most preferably at 
least 900%. 

A storage layer is preferably disposed in liquid communication with the liquid- 
acquisition layer on that side of the layer that lies proximal to the liquid- 
impermeable outer casing sheet. The storage layer will preferably include a material 
having good liquid retention properties, such as cellulose fibres in combination with 
superabsorbent material, tissue laminates with superabsorbent material, or absorbent 
foam material. 

According to one preferred embodiment, a dispersion layer is disposed in liquid 
communication with the absorption layer, either between said layer and the storage 
layer or between the storage layer and the liquid-impermeable outer casing sheet. 
The dispersion layer will preferably include a material that has good liquid 
dispersion properties, such as compressed cellulose pulp, a fibre mat or wadding of 
synthetic or natural fibres or an open-cell foam material. 

There is preferably disposed between the liquid-permeable outer casing sheet and 
the acquisition layer a liquid transportation layer that includes a material capable of 
quickly accepting liquid and quickly releasing the liquid to the underlying layer. 
This transportation layer may be comprised of a lightly-compressed cellulose fluff 
layer of mechanical, thermomechanical, chemithermomechanical pulp (CTMP) 
chemical fibres that have been chemically stiffened or cross-linked, a fibre mat or 
wadding of synthetic or natural fibres or an absorbent foam material. 
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According to one embodiment of the invention, the liquid-acquisition space of one 
or more holes or regions of lower density than the density of the surrounding 
material in the acquisition layer extends/extend through at least a part of the 
thickness of the acquisition layer. 

According to another embodiment the acquisition layer is comprised of at least two 
separate material bodies that extend in the form of pillar-like spacer means generally 
perpendicular between two further material layers in the article, and together with 
said material layers delimit a coherent acquisition space between the material layers. 
According to another embodiment, the acquisition space is comprised of at least one 
channel-like cavity extending in the longitudinal direction of the article. 

According to still another embodiment of the invention, the acquisition layer is 
formed by a web of material that is divided in the longitudinal direction of the web 
by an undulating curve, wherein the web parts are offset in relation to one another 
in the plane of the web, at least in the longitudinal direction thereof, such that the 
web parts define the acquisition space therebetween in the plane of the material 
web. By undulating curve is meant a curve of optional shape, such as a sinusoidal 
shape, a saw-toothed shape, a square- wave shape, and so on. The amplitude of the 
waves and their lengths can vary along the curve. The waves may extend along a 
straight, curved or wavy line. 

A particularly suitable material for use in an inventive article for forming the 
acquisition layer that surrounds the liquid-acquisition space is one comprised of 
cellulose fibres of mechanical, thermomechanical or chemithennomechanical 
(CTMP)pulp and/or chemical pulp fibres that have been chemically stiffened or 
cross-linked, said fibres being formed into a web having a weight per unit area of 
30-2000 g/mV preferably 50-1500 g/m 2 and more preferably 100-1000 g/m 2 and 
compressed to a density of between 0.2-1.2 g/cm\ preferably 0.25-1.0 g/cm 3 and 
most preferably 0.3-0.9 g/cm 3 . The cellulose fibres may conveniently be comprised 
of flash-dried fibres that have been dry-formed into a web and incorporated in the 
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article without defibring and fluff-forming. Such a material is described in WO 
94/10956. The material may be compressed to a first density of between 0.2-1.2 
g/cm 3 and thereafter softened mechanically to a density lower than the original 
density and therewith de-laminated so as to form a plurality of not completely 
5 separated thin fibre layers that have a density corresponding to the first density. 

Another conceivable acquisition layer is formed of a material layer having a first 
thickness and including resilient material, said layer being compressed 
perpendicularly to a plane through the layer to a second thickness and bound in its 

10 compressed state with a binder that is soluble in body liquid, wherein binding of the 
material layer ceases when the layer is wetted such that the acquisition layer will 
return at least partially to the first thickness. Such an acquisition layer may, for 
instance, be formed from a compressed foam material that will expand in its 
thickness direction when wetted, or by a compressed fibre layer which consists at 

15 least partially of fibres that have a given resiliency in a wet state. 

According to another embodiment of the invention, that proportion of the volume of 
the acquisition layer that is comprised of the liquid-acquisition space is greatest 
within the primary wetting region of the article, i.e. the region in the article that is 
20 intended to be wetted first by body liquid The acquisition layer volume shared by 
the liquid-acquisition space may therewith decrease in a direction away from die 
primary wetting region. 

Because the volume of the liquid-acquisition space in the inventive article expands 
25 in keeping with the extent to which the article is wetted by body liquid, the article is 
able to maintain a high liquid acquisition rate during the full length of time in which 
the article is worn. Distinct from earlier known articles, there is no dramatic 
reduction in acquisition rate with repeated wetting occasions, since a new liquid- 
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acquisition space is constantly created In favourable cases, the inventive article can 
maintain essentially the same liquid acquisition rate after a plurality of wetting 
occasions. In particularly favourable cases, the acquisition rate may even increase 
after the first wetting occasion. 

5 

In order to achieve full effect of the expanding liquid-acquisition space in an 
inventive absorbent body, it is essential that at least the material layer that is 
arranged in abutment with the side of the storage layer that lies proximal to the 
liquid-permeable surface of the article has a resiliency and rigidity, both in a wet 
10 and a dry state, that will prevent said material layer from collapsing and falling into 
the liquid-acquisition space, since otherwise a large part of the space available for 
further liquid accommodation would be lost. 

Those cavities, regions of low density, channels or the like that together form the 
15 liquid-acquisition space of the article will preferably not have a dimension in the 
plane of the acquisition layer that exceeds 35 mm and preferably does not exceed 20 
mm. By this is meant that the extension of each such cavity, region of low density, 
channel or the like will not accommodate within its area a circle having a diameter 
greater than 35 mm and preferably not greater than 20 mm anywhere in the plane of 
20 the acquisition layer. Because of the flexibility of the materials, it is difficult to 
avoid surrounding material layers from bulging in towards the liquid acquisition 
space with greater dimensions than those aforesaid, therewith reducing said space 
Absorbent articles shape and curve in conformity with the wearer's body in use. The 
material layers that lie proximal to the wearer therewith tend to curve and bulge into 
25 the acquisition space. This bulging generally increases when the material in the 
casing sheet is wet, and is even more pronounced when the storage layer includes 
large cavities. Naturally, this bulging can be reduced by using a stiffer material layer 
nearest the storage layer. However, the extent of the acceptable stiffness of such a 
material layer is determined by the requirements placed on the shapability, 
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flexibility and user comfort of the article. The smallest functional dimension of 
cavities or the like in the storage layer correspond approximately to the size of a 
water droplet Consequently, the size of a cavity or some corresponding space in the 
acquisition layer should not be so small as to enable a circle having a diameter of 3 
mm or more to be enscribed inwardly of its boundary edges in the plane of the 
storage layer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
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The invention will now be described in more detail with reference to the Figures of 
the accompanying drawings, wherein 

Figure 1 illustrates a diaper according to a first embodiment of the invention from 
above, showing an acquisition layer formed by separate material bodies; 

Figure 2a is a sectional view of the diaper shown in Figure 1 taken on the line MI, 
prior to wetting of the diaper; 

Figure 2b is a sectional view of the diaper shown in Figure 1 taken on the line MI, 
prior to wetting of the diaper; 

Figure 3 illustrates a diaper according to a second embodiment of the invention 
from above, and shows an acquisition layer provided with longitudinally extending 
cavities or channels; 

Figure 4a is a cross-sectional view of the diaper shown in Figure 3 taken on the line 
IV-IV, prior to wetting of the diaper; 

Figure 4b is a cross-sectional view of the diaper shown in Figure 3 taken on the line 
IV-IV in Figure 3, after wetting of the diaper; 
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Figure 5 is a longitudinal sectional view of the diaper shown in Figure 3 taken on 
the line V- V, after wetting of the diaper; 

5 Figure 6 illustrates a diaper having a net-forming storage layer from above; 

Figure 7 illustrates an inventive acquisition layer having a plurality of through- 
penetrating holes; 

10 Figure 8 illustrates an acquisition layer having centrally disposed openings 
alternating with overlapping material regions; 

Figure 9 illustrates a web of material for producing an acquisition layer; 

15 Figure 10 illustrates an acquisition layer having two rows of holes of mutually 
different sizes; 

Figure 1 1 illustrates an acquisition layer having undulating, groove-like cavities; 

20 Figures 12a and b are larger views of a hole and surrounding parts of a respective 
dry and wet sample of a first material; and 
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Figures 13a and b are enlarged views of a hole with surrounding parts of a 
respective dry and wet sample of a second material. 

The diaper illustrated in Figures 1, 2a and 2b is seen form the side thereof that lies 
proximal to the wearer in use. The diaper is shown extended in a flat state and 
includes a first liquid-permeable casing sheet 1, e.g. made of non-woven material, 
perforated plastic film or net mounted on that side of the diaper which lies proximal 
to the wearer in use. A liquid-impermeable second casing sheet 2, comprised of 
plastic film, hydrophobous non-woven material or woven fabric, is placed on that 
side of the diaper which is intended to lie distal from the wearer in use. The two 
casing sheets 1, 2 enclose an absorbent body 3 and are mutually joined within parts 
4 of the casing sheets 1, 2 that project out around the absorbent body 3. 

The diaper is configured to surround the lower part of the wearer's trunk in a pants- 
like fashion when worn. To this end, the diaper includes a front part 5 which faces 
forwards on the wearer in use and lies over the wearer's stomach, a rear part 6 
which is intended to face rearwardly on the wearer in use and lie over the wearer's 
bottom, and a crotch part 7 which lies between the front diaper part 5 and the rear 
diaper part 6 and which is intended to be placed in the crotch region between the 
wearer's thighs in use. The diaper has a substantially hourglass configuration, the 
front part 5 and the rear part 6 being broader than the crotch part 7. The diaper also 
includes two longitudinally extending side edges 8, 9 and a front waist edge 10 and 
a rear waist edge 1 1 . The longitudinal side edges 8, 9 form the leg openings of the 
diaper in use, whereas the two waist edges 10, 11 together girth the waist of the 
wearer and form the waist opening of the diaper. 

An elastic device 12, 13 is mounted along each side edge 8, 9 of the diaper. The 
elastic devices 12, 13 are fastened to the diaper in a stretched state and function to 
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draw the side edges 8, 9 of the diaper together when relaxed, such as to curve the 
diaper to a trough-like shape. This effect of the elastic devices 12, 13 is not apparent 
from Figure 1 , however, since the diaper is shown in a flat state with the elastic 
devices 12, 13 stretched The elastic devices 12, 13 function to hold the edges of the 
diaper leg-opening in tight abutment with the wearer's thighs. A further elastic 
device 14 is disposed along the rear waist edge 1 1 of the diaper, so as to bring the 
waist-opening defining edge in sealing abutment with the wearer's waist. Several 
different types of elastic devices 12-14 suitable to this end are known to the art, 
such as elastic threads, elastic bands, elastic non-woven, or like devices. 

With the intention of enabling the diaper to be fastened together in a pants-like 
shape around the wearer's body in use, a fastener tab 15, 16 is provided adjacent 
each side edge 8, 9 in the close vicinity of the rear waist edge 11. The fastener tabs 
15, 16 are intended to coact with and be fastened to a target region 17 provided on 
the front part 5 of the diaper. The fastener tabs 15, 16 normally have the form of 
tabs provided with a self-adhesive surface which is folded prior to use, with the 
adhesive surface lying against and protected by a tab region that has been treated 
with a release agent, or against the diaper itself The target region 1 7 is comprised 
of a reinforced region of the liquid-impermeable casing sheet 2 on the front diaper 
part 5. The simplest way of providing this reinforcement is to laminate a strip of 
plastic film on the side of the liquid-impermeable casing sheet 2 that lies distal from 
the absorbent body 3. This reinforcement of the target area 17 enables the diaper to 
be opened and re-fastened without tearing the liquid-irnpenneable casing sheet 2. 

The fastener tabs 15, 16 may, alternatively, include some type of mechanical 
fastener, such as one part of a burr-type fastener, a press stud, or like fastener. In 
this case, the target area 17 will be comprised of the corresponding pan of the 
mechanical fastener means. It is also known to use fastener means that can almost 
be considered as hybrids between adhesive fasteners and mechanical fasteners. One 
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example of such fasteners is described in EP-A-393,953. No fastener means are 
required for diapers that are intended to be worn as inserts in a pair of tightly fitting 
panties. 

5 The absorbent body 3 includes a first layer, the transport layer 18 placed nearest 
inwardly of the liquid-permeable casing sheet 1. The transport layer 18 is 
conveniently comprised of a soft material that is able to quickly receive large 
volumes of liquid and which has relatively large pores or capillaries to this end. 
Examples of such materials are low-compressed cellulose fluff layers, in particular 

10 comprised of mechanical, thermomechanical or chemithermomechanical pulp 
(CTMP), chemical pulp comprised of chemically stiffened or cross-linked cellulose 
fibres, or fibre mats and wadding of other types of natural fibres or synthetic fibres. 
Mixtures of cellulose fluff pulp or other cellulose based fibres with different types 
of synthetic fibres may be used. Soft, perforated for open-cell foam material may 

15 also be used. The material will preferably have a low liquid dispersion ability, 
whereby the wet region of the layer will remain essentially restricted to the primary 
wetting region, even after repeated wetting of the material. The surface of the diaper 
that lies in contact with the wearer will therewith be felt to be dry and comfortable 
against the wearer's skin, even after being used for a relatively long time. 

20 

When the diaper is in use, the transport layer 1 8 functions to receive and transport 
body liquid further away from the liquid-permeable casing sheet 1 and will 
therefore preferably have large pores that offer the least possible resistance to the 
liquid flow. The transport layer 18 will also preferably be soft and comfortable 
25 against the wearer's body during the whole of its use. The properties of the material 
in the transport layer 18 will preferably not be changed appreciably after wetting. It 
is also desirable that the material has a certain resiliency, so that the material will 
strive to return to its original state after being compressed or wrinkled in use. 
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When the transport layer 18 includes cellulose fibres that normally have a relatively 
low resiliency when wet, for instance chemical pulp, it may be suitable to mix-in 
other material that will enhance the wet resiliency of the material and therewith 
impart a certain resiliency to the first absorbent layer even when the layer is wet. 
Such materials are, e.g., different types of thermoplastic fibres or particles that when 
the layer is heated function to bind the fibres in the layer and therewith lock their 
relative positions such that the layer will obtain a higher tensile strength on the one 
hand and also greater resiliency in both a wet and a dry state on the other. The 
cellulose fibres can also be modified chemically by cross-linking for instance, such 
as to enhance their intrinsic resiliency, or by mixing the cellulose fibres with highly 
resilient synthetic fibres. 

The transport layer 18 may also include a small quantity of so-called 
superabsorbents, i.e. material in the form of fibres, particles, granulates, films or the 
like which are able to absorb and bind body liquid chemically in a quantity 
corresponding to several times the intrinsic weight of the superabsorbent while 
forming hydrogel. 

Disposed inwardly of the transport layer 18, as seen in a direction from the liquid- 
permeable casing sheet 1, is a second absorbent layer 19, hereinafter referred to as 
the acquisition layer, which is intended to quickly receive and collect relatively 
large volumes of body liquid The acquisition layer 19 consists of a plurality of 
cylindrical bodies 20, each having one planar surface 21 in abutment with the 
transport layer 18 and its other planar surface 22 in abutment with a third absorbent 
layer, the storage layer 23, located inwardly of the acquisition layer 19, nearest the 
liquid-impermeable casing sheet 2. The cylindrical bodies 20 are disposed in mutual 
spaced relationship and leave therebetween a coherent cavity 24 in which body 
liquid discharged onto the diaper can be collected. The liquid-acquisition cavity 24 
may alternatively be comprised of a space of lower density and weight per unit area 
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than peripheral material parts, and include, e.g., a porous resilient material, such as 
fibre wadding, an absorbent foam or like material. Material may also extend from 
the transport layer 1 8 into the cavity 24. 

5 As will be evident from the diaper shown in Figure 1, the main extension of the 
diaper lies in the xy-plane, the x-direction being defined by the transverse direction 
of the diaper and the y-direction being defined by the longitudinal direction of the 
diaper. The cylindrical bodies 20 are comprised of a material which when wetted 
with body liquid will expand heavily in the z-direction, i.e. in a direction 

10 perpendicular to the xy-plane, and only to a small extent in the xy-plane, such mat 
the volume of the liquid-acquisition cavity (24) will increase by at least 100%, 
preferably at least 200% and more preferably by at least 500% when the material is 
saturated with a 0.9%-NaCl solution. Expansion of the material in the xy-direction 
will preferably not be greater than an extent in which the area of the cavity 24 in 

15 said xy-direction decreases by at most 25%, preferably by at most 20% and most 
preferably by at most 10% when wetted to saturation in accordance with the 
aforegoing. Expansion of the material in the z-direction will preferably be at least 
1 00%, preferably at least 200% and most preferably at least 500% when wetted to 
saturation in accordance with the aforegoing. 

20 

Suitable materials for this purpose are, e.g., cellulose fibres of mechanical, 
thermomechanical, chemimechanical or chemithermomechanical pulp (CTMP) 
and/or chemical pulp fibres that have been chemically stiffened or cross-linked, said 
fibres being formed into a web having a weight per unit area of 30-2000 g/m 2 , 
25 preferably 50-1500 g/m 2 and most preferably 100-1000 g/m 2 , and compressed to a 
density of between 0.2-1.2 g/cm 3 , preferably 0.25-1.0 g/cm 3 and most preferably 
between 0.3-0.9 g/cm 3 . The manufacture of a particularly suitable material of this 
kind is described in WO 94/10956. A characteristic feature of this material is that it 
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is produced by dry-forming flash-dried cellulose fibres to a web having a weight per 
unit area of 30-2000 g/m 2 and compressed to a density of between 0.2-1 g/cm 3 . 

Another suitable expanding material is compressed cellulose-fluff pulp (density at 
least 0.2 g/cm 3 ) that has been admixed with a certain amount of superabsorbent 
material, although less than 20% by weight superabsorbent material. The admixture 
of superabsorbent will namely result in an increase in the extent to which the 
material swells in the xy-direction, i.e. the area of the cavities 24 will decrease. 
However, the material used in accordance with WO 94/10956 allows a greater 
amount of superabsorbent to be admixed with the material, since said material 
swells very substantially in the z-direction, which compensates for swelling in the 
xy-direction. 

The aforedescribed materials are produced most often in the form of relatively thin 
webs that have a thickness of only some few millimetres. The cylindrical bodies 
may therewith be formed by one or more layers of such material. 

Other suitable materials with respect to the cylindrical bodies are compressed foam 
materials or fibre wadding which will return to their non-compressed size at least 
partially when wetted. When necessary, the materials may be locked in their 
compressed state with the aid of some form of water-soluble binder. The above 
examples of suitable wet-expanding materials are solely intended to illustrate the 
invention and shall not be considered to limit the scope thereof. 

The third layer 23 of the absorbent body, hereinafter referred to as the storage layer, 
is comprised of a material that has a high liquid absorption and storage capacity. A 
suitable material in this regard is cellulose fluff pulp that has a density of between 
0.08-1.0 g/cm 3 , preferably 0.1-0.6 g/cm 3 , in combination with 2-80%, preferably 
10-50% superabsorbent, calculated on the total weight of the layer in a dry state. 
The superabsorbent may have the form of flakes, granules, powder or the like, and 
is either mixed with the cellulose fibres or applied in the form of one or more layers 
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between fibre layers. The superabsorbent is either uniformly distributed in the 
storage layer 23 or at varying concentrations in the xy-direction or z-direction of the 
storage layer. The superabsorbent may alternatively have the form of a film 

5 The storage layer 23 may conceivably be comprised of a layer of essentially pure 
superabsorbent. Absorbent foam material, tissue laminates with superabsorbent and 
dry-formed, flash-dried cellulose fibre sheets according to WO 94/10956 optionally 
admixed with superabsorbent may also be used as storage layers. 

10 The fourth layer 25 of the absorbent body, hereinafter referred to as the liquid 
dispersion layer may, in accordance with a first alternative, comprise a material of 
high density and highly capable of dispersing, or spreading, liquid to capillaries. 
Suitable materials in this respect are compressed layers of cellulose fluff pulp, 
tissue, absorbent foam material, or dry-formed flash-dried cellulose fibres sheets 

15 according to WO 94/10956. The dispersion layer 25 is preferably superabsorbent- 
free, or contains only small quantities of superabsorbent The layer will preferably 
have a smaller extension in the xy-plane of the diaper than in the acquisition layer 
18. The liquid dispersion layer will thereby be surrounded on all sides by a soft, 
body-friendly material of low liquid dispersing ability. 

20 

The dispersion layer 25 may conveniently be provided with a longitudinally 
extending compression pattern, such as grooves, wave patterns or the like, effective 
to guide the transportation of liquid in the longitudinal direction of the diaper. 

25 According to a second alternative, the liquid dispersion layer 25 is comprised of a 
material that has a low resistance to liquid flow, so as to enable liquid to disperse, 
or spread, relatively freely along the layer. Suitable materials in this respect are a 
porous fibre mat or wadding of synthetic or natural fibres or an open-cell foam 
material. 



30 
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The primary purpose of the dispersion layer 25 is to transport body liquid away 
from the diaper region that first receives body liquid, i.e. the primary wetting region. 
This results in better use of the absorbent material in the absorbent body 3. The 
dispersion layer 25 may either be disposed between the acquisition layer 19 and the 
storage layer 24, or as described above between the storage layer 24 and the liquid- 
impermeable outer casing sheet 2. 

The cylindrical bodies 20 in the acquisition layer 19 are preferably fastened to the 
underlying storage sheet 23 or to the dispersion sheet 25, e.g. glued thereto, so as to 
prevent the cylindrical bodies 20 moving within the diaper. Alternatively, the 
cylindrical bodies 20 may be fastened to a separate layer, e.g a tissue or non-woven 
layer, or may be fastened to the liquid-transport layer 18. Naturally, the cylindrical 
bodies 20 may be fastened to more than one layer. 

All absorption layers 18, 19, 23, 25 in the absorbent body 3 are in direct liquid 
communication with one another. Thus, liquid will constantly be transported into 
the liquid-acquisition layer 19 of the diaper in a direction generally perpendicular to 
the casing sheet 1, irrespective of where liquid impinges on the liquid-permeable 
casing sheet 1 of said diaper. 

As will be evident from Figure 2a, the liquid-acquisition layer 19 is comparatively 
thin prior to the diaper having absorbed body liquid However, the cavity 24 formed 
between the cylindrical bodies 20 on the diaper shown in Figure 2a is sufficient to 
receive a first discharged liquid volume. The discharged body liquid hits the liquid- 
permeable casing sheet 1 of the diaper within a small limited region or area, the so- 
called primary wetting region. 

The position of the primary wetting region in the diaper will vary somewhat 
between different users. This is due to differences in body shape on the one hand 
and on the sex of the user on the other hand Male users tend to wet a diaper slightly 
more forwards than a female user. The position of the primary wetting region in a 
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diaper can also vary in respect of one and the same user during use, as a result of 
changes in body movement and body attitudes. Thus, there; is no purpose in 
specifically stating the position of the wetting region of the illustrated diaper. 
However, the primary wetting region will lie somewhere in the crotch part 7 of the 
diaper. 

Liquid that has passed through the transport layer 18 is collected in the cavity 24 
between the cylindrical bodies 20 of the acquisition layer 19 and in the fibre 
structure nearest around the primary wetting region of the diaper. The liquid is then 
spread out in the xy-plane of the diaper by the absorbent material in the dispersion 
layer 25. 

However, part of the liquid that is collected in the cavity 24 in the acquisition layer 
19 at the first wetting occasion is absorbed by the cylindrical bodies 20. Because the 
material in the cylindrical bodies 20 expands in the z-direction of the diaper when 
wetted, the expansion causes the transportation layer 18 and the storage layer 
23/liquid dispersion layer 25 to be separated in the z-direction, thereby increasing 
the cavity 24. Thus, on the next diaper wetting occasion, the space available for 
instantaneous acquisition of liquid will be larger than on the first wetting occasion. 
The speed at which liquid enters the diaper does not therefore decrease to any 
appreciable extent, or may even increase with repeated wetting of the diaper 
absorbent body 3. 

Since the cavity 24 in the liquid-acquisition layer 19 is coherent between the 
cylindrical bodies, liquid that penetrates through the transportation layer 1 8 will 
flow-out over a relatively large area around the primary wetting region. Liquid is 
absorbed into the storage layer 23 and the dispersion layer 25 relatively slowly 
because of the compact structure of these layers, whereby a large part of the liquid 
is able to run on the surface of the layer 23 that faces towards the cavity 24 and 
therewith spread over a considerable area prior to being absorbed by the storage 
layer 23 or by the cylindrical bodies 20 in the acquisition layer 19. Thus, it is not 



WO 98/00081 



PCT/SE97/01152 



22 

only the cylindrical bodies 20 located nearest the primary wetting region that are 
wetted by the liquid and swell in the z-direction, but that such expansion will also 
be seen to occur at a distance from the wetting region. The liquid gradually spreads 
further out in the diaper by virtue of liquid transportation in the dispersion layer 25, 
for ftirther storage in the storage layer 23. 

The diaper illustrated in Figures 3-5 is principally of the same construction as the 
diaper in Figure 1, and includes an absorbent body 103 enclosed between a liquid- 
permeable casing sheet 101 and a liquid-impermeable casing sheet 102. The diaper 
has a front part 105, a rear part 106 and an intermediate crotch part 107 and 
includes two longitudinally extending side edges 108, 109, a front waist edge 110, 
and a rear waist edge 111. The diaper is essentially T-shaped with the cross member 
of the T forming the front diaper part 105 and the vertical member of the T 
increasing gradually in width from the diaper crotch part 107, over the rear part 106 
and towards the rear waist edge 111. 

Elastic devices 1 12, 1 13 are disposed along the side edges 108, 109 of the diaper in 
a V-shaped pattern, divergent from the front waist edge 110 towards the rear waist 
edge 111. A fastener tab 1 15, 116 is mounted on each side edge 108, 109, on the 
rear part 1 06, close to the rear waist edge 1 1 1 , and a corresponding target area 1 1 7 
is disposed on the outside of the liquid-impermeable casing sheet 102 at the front 
diaper part 106, close to the front waist edge 1 1 0. 

The absorbent body 103 of the diaper includes a liquid transportation layer 118 of 
the same kind as that of the Figure 1 diaper and having the same format as the size 
of the diaper. A liquid-acquisition layer 119 having elongated liquid-acquisition 
cavities or channels 124 is disposed inwardly of the transportation layer 118. As 
evident from the Figure, the channels 124 may extend in the longitudinal direction 
of the article, or alternatively in its transverse direction. The channels 124 may 
either be comprised of cavities punched-out in the acquisition layer 119, or 
alternatively an acquisition layer 119 may be comprised of a plurality of 
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longitudinally extending, or transversely extending, strips between which elongated 
liquid-acquisition cavities or channels 124 are located. The strips are fastened to a 
storage layer 123 or to a liquid dispersion layer 125 of a kind and shape 
corresponding to those of the diaper shown in Figure 1, e.g by gluing or in some 
other way. 

As will best be seen from Figure 4a, the channels 124 in the acquisition layer 119 
are relatively shallow prior to wetting of the diaper. However, the volume of the 
channels 124 is sufficient for the diaper to receive a first liquid volume. The liquid 
penetrating into the diaper is able to run quickly away from the primary wetting 
region along the channels 124. The liquid from the channels 124 is then gradually 
absorbed by the acquisition layer 119, the storage layeT 123 and the dispersion layer 
125 respectively. Naturally, part of the liquid discharged onto the diaper and 
penetrating down through the transportation layer 1 18 will wet directly those parts 
of the acquisition layer 119 that are located in the primary wetting region of the 
diaper, these parts of said acquisition layer immediately beginning to swell in the z- 
direction of the diaper. Wetting of the acquisition layer 1 19 at a distance from the 
primary wetting region first takes place after a given time delay taken for the liquid 
to run out into the channels 124. Figure 5 shows how liquid is spread in the 
longitudinal direction of the diaper as a result of varying degrees of expansion of the 
acquisition layer 119 (shown in sections) in the z-direction of the diaper, depending 
on the distance from the primary wetting region Figure 4b is a similar illustration 
showing dispersion of the liquid in the transverse direction of the diaper. 

The diaper illustrated in Figure 6 has generally the same construction as the diapers 
shown in Figures 1-5 and includes an absorbent body 203 enclosed between a 
liquid-permeable casing sheet 201 and a liquid-impermeable casing sheet 202. The 
diaper has a generally hourglass shape and includes a front part 205, a rear part 206, 
an intermediate narrower crotch part 207, two longitudinally extending side edges 
208, 209, a front waist edge 210, and a rear waist edge 21 1. The elastic devices 212, 
213 are disposed along the longitudinally extending side edges 208, 209 of the 
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diaper and along the rear waist edge 211. The diaper is fastened together in a pants- 
like shape with the aid of two fastener tabs 215, 216 disposed on the longitudinally 
extending side-edges 208, 209, close to the rear waist edge 21 1. The fastener tabs 
can be fastened onto a target area 217 on the front diaper part 205. close to the front 
waist edge 2 10. 

The absorbent body 203 is comprised of two layers 219, 223. The absorbent layer 
219, the acquisition layer 219, located nearest the liquid-permeable casing sheet 201 
is comprised of a coarse-mesh, knitted, braided or woven net 226 of material that 
swells in the thickness direction of the diaper, i.e. in the z-direction, when wetted 
The material may, e.g, be threads, bands or strips that include a superabsorbent, 
gel-forming material. Another conceivable material is threads or bands coated with 
a polymer mixture that will ferment when wet to form a stable foam on the bands or 
threads. Disposed beneath the acquisition layer 219, seen in a direction away from 
the liquid-permeable casing sheet 201, is a storage layer 223 of the same kind as 
that described with reference to the diapers shown in Figures 1-5. Naturally, the 
diaper illustrated in Figure 6 may also be provided with a soft, coarse-pore liquid- 
acquisition transportation layer between the liquid-permeable casing sheet 201 and 
the storage sheet 219, if so desired. Similarly, a liquid dispersion layer may be 
disposed in a manner corresponding to that described with reference to Figures 1-5. 

Figure 7 illustrates an alternative embodiment of a liquid-acquisition layer 319 
comprised of a material that can swell in the z-direction. The acquisition layer 319 
inciudes a plurality of through-penetrating circular holes 324 that function as liquid 
collecting reservoirs. The acquisition layer 319 is intended to be used as the sole 
absorption layer, or together with further absorption layers, such as liquid 
transportation layers, storage layers and/or dispersion layers in an absorbent article, 
such as a diaper, a sanitary napkin, an incontinence guard or like article. Because 
the acquisition layer swells in the z-direction, i.e. in its thickness direction, when 
wetted, the volume of the holes 324 will increase and therewith also their liquid 
accommodating capacity. 
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The highest proportion of cavities 324 in the acquisition layer 319 are located in the 
region that is intended to be placed in the primary wetting region of the absorbent 
article. Since the holes 324 are not mutually connected, no liquid is unable to flow 
freely between the holes but is dispersed in the xy-plane of the acquisition layer 319 
through capillary transportation in the absorbent material located between the holes 
324. Consequently, there is no apparent reason for providing holes 324 at too far a 
distance from the primary wetting region. 

Figure 8 illustrates a further embodiment of an acquisition layer 419 for use in 
absorbent articles. The acquisition layer according to Figure 8 is formed from a web 
of material that is cut into two pieces longitudinally along a sinusoidal curve 427, 
whereafter the two web halves 428, 429 have been offset relative to one another in 
the longitudinal direction of the web through a distance corresponding to one-half 
wave length. There is thus formed in the longitudinally extending centre part of the 
web holes 424 that alternative with overlapping web-parts 430. As in the earlier 
described embodiments, the acquisition layer 419 is comprised of a material which 
swells in the thickness direction of the material, i.e. in the z-direction, when wetted. 

Shown in Figure 9 is an example of another web material provided with holes 524 
and formed by first cutting the web 519 into two parts longitudinally in a curved 
pattern, whereafter the separated parts of the web have been offset longitudinally so 
as to produce a repetitive pattern of openings 524 and overlapping parts 530 in the 
web. The web 519 shown in Figure 9 has been cut longitudinally along two 
generally sinusoidal curves 527. Subsequent to offsetting the edge parts 528, 529 of 
the web in relation to its centre part 531, there are obtained two longitudinally 
extending rows of holes 524 with intermediate overlapping parts 530. Naturally, the 
principle can be used to provide any desired number of rows of openings in a web 
of material. In this regard, the number of hole rows is determined by the number of 
curve-shaped cuts made in the web. 
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The web 619 shown in Figure 10 has been cut longitudinally in the same way as the 
web 519 in Figure 9. One edge-part 628 of the web 619 has then been displaced 
longitudinally and transversely away from the longitudinal centre line 632 of the 
web 619. The other edge part 629 has been displaced both longitudinally and 
transversely in towards the longitudinal centre line 632 of the web 619 This enables 
the size of the holes 624\ 624" and the size of the overlapping parts 630\ 630" to 
be adjusted. The size of the holes 624" can be reduced, by displacing an edge part 
629 towards the longitudinal centre line 632 of the web 619, while obtaining a 
larger overlap 630" between the web parts at the same time, the size of the hole 
624' is increased in a corresponding manner, by displacing the edge part 628 of the 
web 619 away from the centre line 632. 

Figure 11 illustrates the manner in which coherent, longitudinally extending 
openings can be obtained between parts of a material web 719 that has been cut 
apart along generally sinusoidal curves 727. The web parts 728, 729, 731 in Figure 
1 1 are mutually displaced both in the longitudinal and in the transversal direction of 
the web 719, by moving the cut edge parts 728, 729 laterally away from the 
longitudinal centre line 732 of the web 719. The width of the coherent openings 
724', 724" between two web parts is determined by the distance at which the web 
parts are separated Figure 1 1 shows two examples of openings of mutually different 
widths 724', 724". Naturally, the web 719 may be provided with any number of 
coherent openings of the aforedescribed kind 

The web parts may be placed in the article with the curved cuts or slits either in the 
longitudinal direction of the article or in its transverse direction. Other curve shapes 
than sinusoidal shapes may be chosen, such as saw-toothed shapes or square-wave 
shapes. 

Varying sizes can be obtained with waves that have different amplitudes along the 
curve, e.g. such that the holes located in the wetting region will be larger than the 
holes located outside said region. Waves of varying wave lengths can also be 
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chosen, wherewith a varying overlap is obtained between the holes at a given offset 
between the web parts. 

Example 

Samples measuring 5 x 5 cm were punched from sample materials comprising: 

A) DFR (dry-formed reel pulp), i.e. a dry-formed pulp sheet of flash-dried 
cellulose fibres of CTMP (according to WO 94/10956); weight per unit area 300 

g/m 2 . 

B) DFR according to the above admixed with 20% by weight superabsorbent 
(SalsorbCLlO). 

C) Chemical cellulose fluff pulp admixed with 48% by weight superabsorbent 
(IM 7100), weight per unit area 500 g/m 2 . 

D) Chemical cellulose fluff pulp admixed with 30% by weight superabsorbent 
(IM 7100), weight per unit area 300 g/m 2 . 

Four circular holes measuring 1 0 mm in diameter were punched out of each sample. 

The samples were weighed in a dry state and their thickness measured with a 
measurement tool of 45 x 45 mm at a pressure of 2.5N. 

The samples were placed on a dense net material (tea bag-like material) and were 
allowed to swell freely in a basin containing 0.9%-NaCl solution. 

The samples were then removed from the basin and allowed to drip for about 30 
seconds, whereafter the wet thickness was measured and the sample weighed. 

The difference between the wet and the dry thickness constitutes the swellability of 
the material in its z-direction. 
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The following results were obtained: 



Table I. Swellability in z-direction. 



1 Sample 


Dry 

weight g 


Wet 

weight 

g 


Dry 
thick- 
ness mm 


Wet 
thick- 
ness mm 


In- 
crease 
% 


A 


0.75 


17 .71 


0.42 


5.57 


1226 


B 


1.17 


32 .50 


0.96 


8.51 


786 


C 


2 .30 


77 .57 


8 .96 


22.19 


148 [ 


D 


1.19 


37 .27 


5.18 


12.21 


136 | 



5 The measuring results constitute the mean value of four measurements. 

With the intention of measuring swelling in the xy-direction and the influence of 
swelling on the size of the holes, an image analysis was carried out with the aid of 
the programmes Image Grabber and Optilab as follows: 

Samples according to the above were placed in a small glass bowl. 

10 A dark paper was placed on the light table of the image analysis apparatus and glass 
bowl and sample were placed on the paper. 

The image Grabber programme was opened and the camera focused. Four images 
were taken of the dry sample directly from above, one for each hole. 

A 0.9%-NaCl solution was poured carefully into the bowl and the sample allowed 
15 to absorb liquid freely for twenty minutes. 

Excess liquid was removed carefully with a pipette. 

Four images were taken directly from above the wet sample, one for each hole. 
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Figures 12a and b illustrate a hole with surrounding parts of a dry and a wet sample 
piece of sample A respectively. 

Figures 13a and b illustrate a hole with surrounding parts of a dry and a wet sample 
piece of sample C respectively. 

As evident from the images, the hole in sample piece A has substantially retained its 
area after wetting, whereas the hole area of sample piece C has decreased 
substantially. 

The size (the area) of the hole was measured in the following way: 

A dry scale image was taken by placing a vernier caliper set at 10.0 mm on the dry 
sample, whereafter an image was taken in the image Grabber. 

A wet scale image was taken by placing a vernier caliper set to 10.0 mm on the wet 
sample and thereafter taking an image in the image Grabber. 

The Optilab programme (Graftek) was opened for calibration of the scale. A line 
was drawn on the calibre image, which was calibrated to 1 0.0 mm. 

Each hole to be measured was calibrated against the scale image of respective 
samples. 

The grey scale at the edge of the hole was measured, i.e. the distinguishing line 
between greyish and grey (Fig. 13b), wherein black is the hole, grey is the 
superabsorbent and the greyish the colour of the pulp. 

The hole area in mm was marked and the result printed out. 
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The following results were obtained: 



Table 2 . Change of hole area and hole volume when wetting 



Sample 


Hole 

area dry 
mm 2 


Hole 

area wet 
mm 2 


Hole 

vol . dry 
mm 3 


Hole 
vol . 
wet mm 3 


Change 1 
hole 
vol. % 


A 


7.53 


7.31 


3 .16 


40.71 


1188 


B 


7.50 


4.98 


7 .20 


42 .38 


489 | 


C 


6.99 


2.86 


62 .63 


63 .46 


1 I 


D 


7.22 


4.41 


37.42 


53 .84 


44 I 



The measuring results constitute the mean value of four measurements. The hole 
5 volume was calculated as the product of hole area and sample thickness (Table 1 ). 

The results obtaind for the samples C and D show clearly that the requirement that 
the material of the acquisition layer shall increase in size in the z-direction is not 
enough to ensure a substantial increase of the volume of the liquid- acquisition 
space. In fact, the sample C having an increase in the z-direction of 148 % gives a 
10 volume increase of only 1 %. The sample D is only marginally better. Thus, the 
requirement of the present invention that the material of the acquisition layer also 
must show a relatively low expansion in the xy-direction when wetted is essential. 

Although the invention has been described in the aforegoing generally with 
15 reference to diapers, it will be understood that the invention can be applied to all 
types of absorbent articles that are intended to absorb body liquid Examples of such 
articles are diapers and incontinence guards for children and adults, sanitary 
napkins, panty liners, bed protectors, seat protectors, wound dressings and like 
articles. 

20 It will also be understood that the invention is not limited to the described shapes 
and sizes of holes, channels and swellable bodies, and that a number of further 
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embodiments are conceivable. For instance, holes disposed in a liquid-acquisition 
layer may have any suitable form or size. It is, of course, also possible to combine 
holes and channels of different shapes and sizes in one and the same article. 
Swellable bodies disposed as "columns" in a coherent cavity may also vary in size 
5 and shape and are not restricted to the aforedescribed cylindrical bodies. As before 
mentioned, the liquid-acquisition cavities may also be comprised of a space whose 
density and weight per unit area are lower than the density and weight per unit area 
of the surrounding acquisition layer and may, for instance, include a porous, 
resilient material such as fibre wadding, an absorbent foam material or the like. 



10 



An absorbent body may also include more than one acquisition layer. In this regard, 
further acquisition layers may be of the same kind as the first acquisition layer or 
may differ therefrom by virtue of material selection or construction. 
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CLAIMS 

1. An absorbent article that includes a liquid-permeable outer casing sheet (1) 
disposed at a first surface on the article, a liquid-impermeable casing sheet (2) 
disposed at a second surface on the article, and an absoibent body (3) enclosed 
between the two casing sheets and including a liquid-acquisition space (24) that 
comprises at least one cavity or at least one region of lower density than a liquid- 
acquisition layer (19) of the absorbent body (3) adjacent said space (24) and located 
essentially in the same plane thereas, wherein the acquisition layer (19) includes a 
material which when wetted increases in size in a direction (z-direction) generally 
perpendicular to the first surface of said article, characterized in that the material in 
the acquisition layer (19) has, when wetted, relatively low expansion in a direction 
(xy-direction) generally parallel with the first surface of the article, such that the 
volume of the liquid-acquisition space (24) will increase by at least 100% when 
wetted to saturation with a 0.9%-NaCl solution. 

2. An absorbent article according to Claim 1, characterized in that the volume 
of the liquid-acquisition space (24) increases by at least 200%, preferably by at least 
400% and most preferably by at least 900%. 

3. An absorbent article according to Claim 1 or 2, characterized in that 
expansion of the material in the xy-direction is not greater than to result in a 
reduction of the area of the liquid-acquisition space (24) in the xy-direction by at 
most 25%, preferably at most 20% and most preferably at most 10% when wetted to 
saturation with a 0.9%-NaCl solution. 

4. An absorbent article according to one or more of the preceding Claims, 
characterized in that the expansion of the material in the z-direction is at least 
100%, preferably at least 200%, still more preferably at least 400% and most 
preferably at least 900% when wetted to saturation with a 0.9%-NaCl solution. 
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5. An absorbent article according to one or more of the preceding Claims, 
characterized in that a storage layer (23) is arranged in liquid communication with 
the acquisition layer (19) on that side of said acquisition layer lying proximal to the 
liquid-impermeable casing sheet (2), 

5 6. An absorbent article according to Claim 5, characterized in that the storage 
layer (23) includes a material that has good liquid-retaining properties, such as 
cellulose fibres in combination with superabsorbent material, tissue laminates with 
superabsorbent material, or absorbent foam material. 

7. An absorbent article according to Claim 5 or 6, characterized in that a liquid 
10 dispersion layer (25) is arranged in liquid communication with the acquisition layer 

(19), either between said acquisition layer and the storage layer (23) or between the 
storage layer and the liquid-impermeable casing sheet (2). 

8. An absorbent article according to Claim 7, characterized in that the 
dispersion layer (18) includes a material that possesses good liquid dispersion 

15 properties, such as compressed cellulose pulp, a porous fibre mat or wadding of 
synthetic or natural fibres, or an open-cell foam material. 

9. An absorbent article according to one or more of the preceding Claims, 
characterized by a liquid transportation layer (18) disposed between the liquid- 
permeable casing sheet (1) and the liquid-acquisition layer (19). 

20 10. An absorbent article according to Claim 9, characterized in that the 
transportation layer (18) includes a material that is capable of quickly receiving 
liquid and releasing the liquid to underlying layers, and may consist, for instance, of 
low-compressed cellulose-fluff layer of mechanical, thermomechanical or 
chemithermomechanical pulp (CTMP), chemically stiffened or cross-linked 

25 cellulose fibres, a fibre mat or wadding of synthetic or natural fibres, or an 
absorbent foam material. 

11. An absorbent article according to one or more of the preceding Claims, 
characterized in that the liquid-acquisition space (24) is comprised of one or more 
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holes that extend through at least parts of the thickness of the acquisition layer (19), 
or regions of lower density than the surrounding material (20, 125) in the 
acquisition layer (19). 

12. An absorbent article according to one or more of Claims 1 -1 0, characterized 
5 in that the acquisition layer (19) is comprised of at least two separate material 
bodies (20) that extend as pillar-like spacing devices generally perpendicularly 
between two further material layers (18, 23) in the article and define together with 
the material layers (18, 23) a coherent liquid-acquisition space (24) between the 
material layers (18, 23). 

10 13, An absorbent article according to one or more of Claims 1-10, 
characterized in that the liquid-acquisition space (124) is comprised of at least one 
channel (124) that extends in the longitudinal direction of the article. 

14. An absorbent article according to any one of Claims 1-10, characterized iir 
that the acquisition layer (19) is formed by a material web that has been divided in 
15 the longitudinal direction of the web along an undulating curve that crosses at least 
two times a curve extending in the longitudinal direction of the web; and in that the 
web pans are displaced relative to one another in the plane of the web, .at least in 
the longitudinal direction of said web, whereby the web part define therebetween 
said liquid-acquisition space (24) in the plane of the web. 

20 15. An absorbent article according to Claim 13, characterized in that the 
material web is placed in the article with the undulating curve extending either in 
the longitudinal direction of the article or in the transverse direction thereof. 

16. An absorbent article according to one or more of the preceding Claims, 
characterized in that the acquisition layer (19) is comprised of cellulose fibres of 
25 mechanical, thermomechanical, chemimechanical or chemithermomechanical pulp 
(CTMP) and/or chemical pulp fibres that have been chemically stiffened or cross- 
linked, said fibres having been formed into a web having a weight per unit area of 
30-2000 g/m 2 , preferably 50-1500 g/m 2 and more preferably 100-1000 g/m\ and 
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compressed to a density of between 0.2-1.2 g/cm 3 , preferably 0.25-1.0 g/cm 3 and 
most preferably 0.3-0.9 g/cm 3 . 

17. An absorbent article according to Claim 16, characterized in that the 
cellulose fibres are comprised of flash-dried fibres that have been dry-formed into a 

5 web and incorporated in the article without defibration and fluff-forming. 

18. An absorbent article according to one of Claims 16 or 17, characterized in 
that the acquisition layer (19) is comprised of an air-laid web of cellulose fibres that 
has been compressed into a dry-formed sheet that has a first density of between 0.2- 
1 .2 g/cm 3 and which has then been softened mechanically to a second density that 

10 is lower than the original density and therewith delaminated, such as to form a 
plurality of not fully separated thin fibre layers that have a density corresponding to 
the first density. 

19. An absorbent article according to any one of the preceding Claims, 
15 characterized in that the acquisition layer (19) is comprised of a material layer 

having a first thickness and including resilient material, said material layer having 
been compressed perpendicular to a plane through the layer to a second thickness 
and bound in its compressed state with a binder that is dissolvable in body liquid, 
wherein said binding of the material layer ceases when the layer is wetted and the 
2 0 acquisition layer ( 1 9) returns at least partially to said first thickness. 

20. An absorbent article according to Claim 19, characterized in that acquisition 
layer (19) is comprised of a compressed foam material that will expand in its 
thickness direction when wetted. 

25 

21. An absorbent article according to Claim 19, characterized in that the 
acquisition layer (19) is comprised of a compressed fibre layer that comprises at 
least partially of fibres having a certain resiliency in a wet state. 

30 22. An absorbent article according to one or more of the preceding Claims, 
characterized in that the proportion of the volume of said acquisition layer (19) that 
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is comprised of the liquid-acquisition space (24) is greatest within the primary 
wetting region of the article, i.e. in the region of said article that is intended to be 
wetted first by body liquid. 
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